In general, the effects of Cadmium (Cd) on crop quality are evaluated solely by Cd accumulation in the edible plant parts; thus, the potential effects on several nutritional features are not often taken into account. This study evaluated Cd effects on the enzymatic activities of lysine (Lys) metabolism, storage protein and amino acid profile in maize. Stress parameters were also assessed. In vegetative organs, Cd was accumulated in the following decreasing order: 
Introduction
Humans and monogastric animals are unable to synthesize several essential amino acids, which need to be obtained from the diet that, in developing countries, are mostly derived from major crops particularly deficient in lysine (Lys) and methionine (Met) (Azevedo and Arruda, 2010; Schmidt et al., 2015 Schmidt et al., , 2016 . Maize (Zea mays L.) is the cereal species with the highest annual production (FAO, 2018) . However, maize grains are generally poor in Lys due to the high prolamin (in maize denominated zein) content (from 50-70 %, on average), which is a class of storage protein that presents little or trace amounts of Lys (Azevedo et al., 2003; Azevedo and Arruda, 2010) . In plants, the biosynthesis of Lys occurs in the aspartate metabolic pathway, which is strongly regulated by several key enzymes (Schmidt et al., 2015) . The first key reaction is catalyzed by aspartate kinase (AK, EC 2.7.2.4), which phosphorylates aspartate to produce β-aspartyl phosphate, which is then converted into β-aspartyl semialdehyde by the enzyme aspartate semialdehyde dehydrogenase (ASADH, EC 1.2.1.11). At this point, the pathway is divided into two branches: one for Lys biosynthesis and the other is further divided into two sub-branches, one to the synthesis of threonine (Thr) and isoleucine (Ile) , and the other to the synthesis of Met (Azevedo et al., 1997) .
The first enzyme involved directly on Lys biosynthesis is dihydrodipicolinate synthase (DHDPS, EC 4.2.1.52), which condenses pyruvate and β-aspartyl semialdehyde into dihydrodipicolinate (Azevedo et al., 2006) . For the production of Thr, Ile and Met, β-aspartyl semialdehyde is reduced to homoserine by homoserine dehydrogenase (HSDH, EC 1.1.1.3) in the presence of the coenzymes NADH or NADPH (Azevedo et al., 2006) . Due to the competition between these and other branches, as well as to feedback inhibition properties of certain enzymes and/or isoenzymes, several attempts have been made to produce high-lysine maize grains (Azevedo and Arruda, 2010) . It is now clear that the involvement of enzymes is a key aspect for Lys accumulation in grains, such as lysine α-ketoglutarate reductase (LKR, EC 1.5.1.8) and saccharopine dehydrogenase (SDH, EC 1.5.1.9), which regulate Lys catabolism (Azevedo and Arruda, 2010) . Additionally, the quality of maize grains can be potentially affected by the accumulation of nonessential heavy metals (HM) such as cadmium (Cd) (Retamal-Salgado et al., 2017) . Studies on Cd accumulation in plants have increased over the years. However, information on this specific issue is generally incomplete because most experiments are not carried out until harvesting the product of interest. Moreover, when products are obtained, evaluations are based solely on Cd quantification (Lin et al, 2017; Norton et al., 2017; Retamal-Salgado et al., 2017) .
Previous works have shown, however, that Cd could modify nutritional attributes of edible plant parts such as soluble sugar content and titratable acidity in tomato, which also presented alterations in mineral composition of their peel, pulp and seeds (Kumar et al., 2015; Carvalho et al., 2018b) . In cereal crops such as wheat and maize, Cd modified the elemental composition of grains (Fahad et al., 2015; Sarwar et al., 2015; Qaswar et al., 2017) . However, despite their great importance as protein sources, there are no data or detailed studies about Cd-induced effects on amino acid profile and content of storage proteins in cereal grains. Other side effects of exposure of plants to Cd are disturbances in the antioxidant machinery, injuries in photosynthetic apparatus, and induction of cytogenetic aberrations (Nogueirol et al., 2016; Pompeu et al., 2017; Borges et al., 2018; Carvalho et al., 2018a) .
To a certain extent, plants can employ complex mechanisms to cope with the negative effects from Cd exposure by modulating enzymatic and non-enzymatic antioxidants Alves et al., 2017; Borges et al., 2018) . Regulation of superoxide dismutase (SOD, EC 1.15.1.1), catalase (CAT, EC 1.11.1.6), ascorbate peroxidase (APX, EC 1.11.1.11), and glutathione peroxidase (GPOX, EC 1.11.1.7) activities is a wellknown protective strategy, which also includes overproduction of non-enzymatic antioxidant compounds such as phytochelatins and compatible osmolytes (Gratão et al., 2005 (Gratão et al., , 2015 Hasan et al. 2016; Pompeu et al., 2017) .
Therefore, the main objective of this work was to evaluate the influence of Cd exposure on the activity of enzymes involved in Lys metabolism, storage proteins distribution and amino acid contents in maize grains. The analysis of some antioxidant enzymes was also carried out in leaves of plants in development. For the first time, the effects of Cd exposure were investigated on the key enzymes involved in Lys metabolism in grains of a cereal plant species.
Materials and Methods

Plant material and growth conditions
We used seeds from maize (Zea mays L. CML-161), an inbred line from Centro Internacional de Mejoramiento de Maíz y Trigo (CIMMYT), provided by the Empresa Brasileira de Pesquisa Agropecuária, which produces grains with high-lysine content (more information available at www.cimmyt.org). The seeds were sown in 20 dm 3 pots filled with a mixture composed by manure (50 %) plus red Nitosol and Argisol soils (50 %). Physicochemical properties of the soil before its contamination are shown in Table 1 . On the 70 th day after seed sowing (at pre-flowering stage), a solution containing CdCl 2 (30 mg of Cd per kg of soil) was manually added to the pots (one plant per pot). Thirty plants were used for each of the two treatments (control soil vs contaminated soil). During the experiment (from Oct 10 th 2013 to the first week of Jan 2014), plants were cultivated inside a greenhouse without temperature and air humidity control, but had their values recorded monthly (ESALQ-USP weather station, Latitude 22°42'30" S -Longitude: 47°38'00" W, 2016), as shown in Table 2 . Plants were irrigated when necessary and fungicides, pesticides and fertilizers were applied to all plants following the recommendations for maize crops management. Moreover, controlled pollination (self-pollination) was performed in order to increase the number of seeds, since this maize line has naturally low grain productivity, and for the control of grain age (days after pollination, DAP) for harvesting. During the experiment, maize plants grew under global solar energy 21.9 ± 6.2 MJ m -2 d -1
, temperature 24.9 ± 2.5 °C and relative humidity of 86.3 ± 92 %.
Cadmium quantification in soil and plant organs
Samples from different plant organs were collected for quantification of Cd concentration on the 30 th and 60 th days after Cd exposure -DAE [i.e. 20 and 50 days after pollination (DAP) = stage of immature and mature grains, respectively]. Roots, stems, leaves and grains were oven dried at 60 ºC and subsequently ground by using crucible and pestle. Cadmium concentration in plant samples was evaluated through ICP-OES (Inductively Coupled Plasma Optical Emission Spectrometry) analysis, which was preceded by nitro-perchloric diges- tion of the ground samples. At the end of the experiment (60 DAE), Cd concentration was evaluated in samples from the contaminated soil. Soils samples were dried at 60 ºC and the Cd concentration was determined by using diethylenetriaminepentaacetic acid (DTPA) as extractor agent.
Evaluation of stress indicators and activity of antioxidant enzymes
Newly completely expanded leaves and immature grains were collected and rapidly stored in liquid nitrogen, and subsequently stored in a -80 ºC freezer. Samples were ground to a fine powder in liquid nitrogen, and 200 mg were homogenized in 2 mL of a 0.1 % (w/v) trichloroacetic acid (TCA) solution containing approximately 20 % (w/v) polyvinylpolypyrrolidone (PVPP). The mixture was centrifuged at 13,000 g for 10 min and the homogenate was used to determine malondialdehyde -MDA (leaves and grains) and hydrogen peroxide (H 2 O 2 ) contents (leaves) as described by Heath and Packer (1968) and Alexieva et al. (2001) , respectively.
The extraction of antioxidant enzymes was carried out as described by Azevedo et al. (1998) , using 1 g of leaf tissue. Firstly, the protein content was determined by the method of Bradford (1976) using bovine serum albumin as standard. Catalase (CAT, EC 1.11.1.6) activity was spectrophotometric evaluated at 25 °C (Azevedo et al., 1998) . The reaction was initiated by adding 50 μL of plant extract and the activity determined by monitoring H 2 O 2 degradation at 240 ηm over 1 min against a plant extract-free blank.
Superoxide dismutase (SOD, EC 1.15.1.1) activity was evaluated at 25 °C (Beauchamp and Fridovich, 1971) . A SOD unit is equal to the concentration of SOD required to inhibit by 50 % the photoreduction of NBT to formazan. Glutathione reductase activity (GR, EC 1.6.4.2) was spectrophotometric evaluated at 30 °C (Smith et al., 1988) . The reaction was initiated by adding plant extract and GR activity was determined by monitoring the reduction of glutathione at 412 ηm for more than 1 min (Smith et al., 1988) . Ascorbate peroxidase (APX, EC 1.11.1.11) activity was assessed spectrophotometrically at 30 °C (Cakmak and Horst, 1991) . APX activity was measured by monitoring the rate of ascorbate oxidation at 290 ηm. The procedures to evaluate guaiacol peroxidase activity (GPOX, EC 1.11.1.7) were described by Matsuno and Uritani (1972) . The reaction was initiated after addition of 25 μL 3 % H 2 O 2 and subsequent incubation at 30 ºC for 15 min. After this period, cuvettes with the samples were placed in an ice bath and 50 μL of 2 % metabisulphite were added to the solution, vortexed, and after 10 min, the solution was read at 450 ηm.
Activity of enzymes from lysine metabolism
Immature grains (20 DAP) were stored at -80 ºC for further analysis. Aspartate kinase (AK; EC 2.7.2.4) and homoserine dehydrogenase (HSDH; EC 1.1.1.3) were extracted at 4 ºC, filtered, centrifuged and the precipitated dissolved in 25 mM Tris-HCl buffer (pH 7.4) containing 1 mM DTT, 0.1 mM L-lysine, 0.1 mM L-threonine and 10 % glycerol (v/v). Samples were desalted in Sephadex G-25 columns. AK activity was assayed as described by Azevedo et al. (2003) . For dihydrodipicolinate synthase (DHDPS; EC 4.2.1.52) extraction and activity were performed according to Varisi et al. (2007) . Lysine α-ketoglutarate reductase (LKR; EC 1.5.1.8) and saccharopine dehydrogenase (SDH; EC 1.5.1.9) extraction and activity assays were carried out at 4 ºC as described by Gaziola et al. (1999) .
Extraction and evaluation of mature grain storage proteins
The storage proteins were extracted sequentially, according to their solubility, from mature grain flour (100 mg) as described by Landry et al. (2000) with modifications. Protein concentrations were determined as described by Bradford (1976) using bovine serum albumin (BSA) as a standard. Protein fraction extraction was performed using centrifuge tubes (2.0 mL capacity) with 0.1 g of flour and 625 μL of solvent at each step for albumin, glutelin and globulin extraction and with 0.05 g of flour and 1 mL of solvent for prolamin extraction. All centrifugations were performed at 11000 g for 5 min. Centrifugations for defatting and for extraction of prolamins and glutelins were performed at room temperature, 25 °C, while the other extractions, for albumins and globulins, were performed at 4 °C. The sequential protein fraction extraction used was as follows: a-defatting with hexane for 15 min; b-two globulin extractions with NaCl 0.5 mol L -1 ; c-two albumin extractions with distilled water; d-two glutelin extractions with 0.1 % (w/v) sodium dodecyl sulphate 0.1 % and 0.6 % (v/v) 2-mercaptoethanol, pH 10; e-two prolamin I extraction with 55 % (v/v) 2-propanol 55 % + 0.6 % (v/v) 2-mercaptoethanol; f-two prolamin II extraction with 0.5 mol L -1 NaCl (pH 10) + 0.6 % (v/v) 2-mercaptoethanol. The protein supernatant was retrieved after centrifugation and when two centrifugations were performed for the same protein fraction, both supernatants were combined and stored in the same vial at -80 °C. Thirty μg of each protein fraction were loaded onto each gel lane, resolved on 10 % SDS-PAGE (Laemmli, 1970 ) and stained with Comassie Blue.
Determination and quantification of amino acids in grains
Soluble amino acids in mature grain flour (150 mg) were extracted as described by Bieleski and Turner (1966) with some modifications as reported by Gaziola et al. (1999) . Amino acids were quantified according to Yemm et al. (1955) using 1.5 mL of methanol/chloroform/water solution (12/5/3, v/v/v). The concentration was spectrophotometrically evaluated (570 ηm) based on a leucine standard curve. Ultra-performance liquid chromatography -UPLC (Acquity UPLC ® System, Waters) analysis was performed using a BEH C18 column (2.1 × 100 mm, 17 μm) at 43 °C. Derivatization was performed using 70 μL of borate buffer, 10 μL of sample and 20 μL of AccQ-fluor reagent. The mixture was placed in water bath at 55 °C for 10 min. The injection volume was 1 μL and the wavelength used for amino acids detection was 260 nm. The gradient changed the proportion of AccQ-Tag Eluent A (A), acetonitrile 10 % (B), milli-Q water (C) and acetonitrile 100 % (D) at 0.7 mL min -1
. Total run for each sample was 10.2 min.
Statistical procedures
The experiment was arranged in a completely randomized design, with two treatments (control soil vs Cdcontaminated soil) and three replications composed of 10 plants per plot, totalizing 60 plants. For the analyses carried on leaf tissues, each of the three replications was made from a bulk of leaves from five different plants. For the analyses of grains, 30 pots with one plant each were used to harvest samples at the stage of immature grains (on the 30 th DAE, i.e. 20 DAP), and the remaining plants were allowed to complete the full growing cycle and used to harvest mature grains (50 DAP). In each of the different harvesting periods, the samples of grains were divided according to the treatments (control vs Cd-treated plants). From these pools, three replications (i.e. three independent extractions) were used to perform the analyses. Before ANOVA, data were subjected to tests through the "Guided Data Analysis" tool of the statistical software SAS (SAS Institute, 2011) in order to check for their accordance with the assumptions for the ANOVA performance (i.e. normal distribution, variance homogeneity and error independence). Moreover, data transformations were performed when indicated by this tool. Finally, means from treatments were compared by the t test (p ≤ 0.05) using SAS software (SAS Institute, 2011).
Results
Cadmium accumulation in different maize organs
Cadmium concentration was quantified in vegetative and reproductive organs of control and Cd-treated plants on the 30 th and 60 th DAE to CdCl 2 (Table 3) . In control plants, Cd was not detected in shoots, whereas roots exhibited trace Cd concentration on the 30 th DAE (Table 3 ). In plants grown in the contaminated soil, Cd was observed in all organs, including grains (Table 3) . Roots exhibited the highest Cd concentration, which was 198-fold higher than the concentration detected in roots from control plants (Table 3) . Between 30 and 60 DAE, Cd concentration was increased by 68 % in leaves and decreased by 72 % in grains from Cd-treated plants (Table 3) . Conversely, only minor alterations were detected in Cd concentration of roots and stems due to the increased time-length of plant exposure to this metal (Table 3) . At the end of the experiment, Cd concentration was also quantified in the contaminated soil, which exhibited 24.41 ± 0.46 mg kg -1 of available Cd.
Stress indicators and activity of antioxidant enzymes
Leaves of Cd-treated plants showed no changes in H 2 O 2 and MDA contents on the 30 th DAE when compared to control plants (Figure 1) . Moreover, SOD, CAT, APX, GPOX and GR activities were not affected by Cd exposure as revealed by spectrometric (Figure 2 ) and gel analyses (data not shown). The lipid peroxidation level was also evaluated in immature grains and revealed that Cd exposure did not influence MDA content (Figure 1) . 
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Enzymes of lysine metabolism in immature grains
Modifications in the specific activity and feedback inhibition properties of enzymes from Lys metabolism were detected on the 30 th DAE (i.e. 20 DAP). Aspartate kinase (AK) specific activity was higher in Cd-treated than in control plants (Figure 3) , and the feedback inhibition assays indicated that this difference was kept in presence of Thr, despite reductions in AK activity (Figure 3 ). When Lys, and Lys + Thr were used as inhibitors, AK activity was reduced to similar values among treatments. However, further analysis revealed that in relation to initial AK activities (i.e. 5.51 and 4.51 nmol min -1 mg -1 protein for grains from Cd-treated and control plants, respectively), Lys caused the strongest inhibition in Cd-treated plants (Table 4) .
No differences were observed in specific activity or feedback inhibition properties of HSDH after Cd exposure (Figure 3 ). However, DHDPS activity was increased in grains from Cd-treated plants and this difference was maintained in the presence of Lys (Figure 3) , despite the inhibition caused by this amino acid. Further analyses also indicated that Cd-treated plants yielded grains, at immaturity stages, with DHDPS exhibiting reduced sensitivity to Lys feedback inhibition (Table 4) . Differential reductions in feedback inhibition of DHDPS and AK (by AEC, and Lys + Thr, respectively) were observed at p < 0.07 (Table 4) . Specific activities of LKR and SDH did not show significant variations between treatments (Figure 4) .
Storage proteins and amino acids in mature grains
The SDS-PAGE analysis for the identification of albumin, glutelin, globulin and zein (prolamins I and II) protein fractions revealed that Cd did not change significantly the pattern of storage protein accumulation in mature grains, since neither presence nor disappearance of bands (Figure 5 ), as well as changes in band intensity ( Figure 5 ) and total protein (Table 5) , were observed between treatments.
In Cd-treated plants, the total soluble amino acids content was not modified in comparison to control plants (data no shown). Further evaluations revealed that mature grains exhibited a general increase in the concentration of amino acids after Cd exposure, especially for proline, which was increased by 54 % (Figure 6 ). However, overall there were no significant differences between control and Cd-treated plants.
Discussion
Cadmium accumulation in roots protects shoots from oxidative stress
Maize presents a high tolerance to several abiotic stresses in which Cd toxicity can be included. Conse- quently, the use of maize plants has even been suggested as a possibility in phytoremediation programs for recovery of HM-contaminated soils (Shi et al., 2015; Rizwan et al., 2017) . Accordingly, neither visual symptoms of Cd toxicity (data not shown) nor clues of oxidative stress were detected in shoots (Figures 1-2) , despite the presence of Cd in vegetative and reproductive organs (Table 3) . This result can be associated to the capacity of plants to accumulate Cd in the roots thus preventing a high amount of Cd from reaching the leaves (Table 3) , where Cd has caused drastic damage that often results in reductions in photosynthetic activity (Gratão et al., 2009 (Gratão et al., , 2015 Branco-Neves et al., 2017; Pompeu et al., 2017) . The data also indicate that roots present tolerance mechanisms against toxicity from high Cd accumulation, in addition to mechanisms related to Cd retention. According to Lux et al. (2011) , these mechanisms are probably interconnected by the overproduction of phytochelatins, which are capable of reducing the symplastic movement of Cd in the xylem by sequestering it into vacuoles. Moreover, reinforcements in Casparian bands, suberin lamellae and lignification in cells can further enhance Cd accumulation in maize roots (Lux et al., 2011) .
In leaves, the data clearly showed no modifications in the activity of the antioxidant enzymes on the 60 th DAE. However, Shi et al. (2015) reported a time length-dependent behavior for SOD and peroxidase (POD) in leaves from maize grown in soil containing both Cd and Pb. Their activities were initially increased; however, with the extended period of plant exposure, a decreasing trend was detected, insomuch as control and Cd-Pb treated plants exhibited similar SOD and POD activities. In other words, SOD, CAT, APX, GPOX and GR activities could be potentially different from those observed in Figure 2 if evaluations were performed in a distinct period of plant exposure to Cd. Thus, such modifications could be detected especially at the beginning of plant exposure, when physical barriers in maize roots are not completelly built, and phytochelatin (as well as other chelator compounds) pool is probably overcharged.
Cadmium concentration in maize grains varies during development
Despite the large Cd accumulation in roots, a small quantity of the metal reached the grains. Interestingly, Cd concentration decreased concurrently to the increase in time-length of plant exposure to this HM (Table 3) . This result can be associated to increased biomass allocation in mature maize grains in comparison to immature ones thus triggering a "dilution effect". A second hypothesis is Cd remobilization from grains to other plant parts (such as leaves) since the Cd amount that was diminished in grains (72 %, 0.18 μg g for human consumption, that is, 0.20 mg kg -1 (European Commission, 2014) . A similar response was reported in rice grains (Yan et al., 2010) . However, in another cereal crop species, durum wheat, Cd grain concentration can be maintained or even increased with the extended time of plant growth exposure in Cd-containing media, depending on the cultivar (Harris and Taylor, 2013) . Overall, these results showed that it is possible to avoid potential agronomic losses by managing the moment of grain harvesting. This decision, however, depends mainly on plant species, genotype, Cd concentration in the growth media, and edaphoclimatic conditions. Further research using other maize lines, for instance hybrids, may be helpful to elucidate these aspects.
Cadmium induces alterations in storage proteins, in specific activities and feedback-inhibition properties of enzymes of the aspartate/lysine metabolism Immature maize grains from plants (20 DAP) subjected to Cd exposure showed changes in enzymes of Lys metabolism (Figure 3 , Table 4 ). In Cd-treated plants, AK and DHDPS, two enzymes directly involved in Lys biosynthesis (Azevedo and Arruda, 2010) showed increased activities, but the former enzyme showed enhancements in its sensitivity to Lys feedback inhibition after Cd exposure (Figure 3 , Table 4 ). Since Lys content was maintained in mature grains of Cd-treated plants in comparison to the control ones, high AK sensitivity to Lys feedback inhibition may possibly counterbalance the increased specific activities of both AK and DHDPS ( Figure 6 ). The results also presented modifications in the proportion of isoenzymes in AK and DHDPS 'pools', suggesting key changes in the regulation of the aspartate pathway. Such fine tune regulation may for instance determine the flux of carbon in the pathway. However, these hypotheses cannot be established solely based on the current data because several genes encoding these enzymes may allow a complex regulation at the level of transcription, translation, and allosteric interactions with both downstream metabolites and compounds from other biosynthetic pathways (Jander and Joshi, 2009) , in addition to the possibility of importation of numerous compounds from other plant organs. Further analyses of mature maize grains revealed an increasing trend in the relative accumulation of glutelin concurrently to relative decrease in the albumin protein fraction in maize grains ( Table 5 ), suggesting that both events could be interconnected. Since albumin possess Lys-rich proteins, while glutelin, is composed by high Pro contents, Pro accumulation may increase to the detriment of lysine accumulation, which may also explain, at least in part, slight changes observed for the enzymes involved in Lys metabolism.
Grain provision and Cd-induced transgenerational effects
Different approaches show the inversely proportional interconnection between Lys and Pro concentrations in maize grains. Sodek and Wilson (1970) demonstrated that in normal maize endosperm, much of the injected lysine-14 C was converted to Pro and glutamic acid. Kiyota et al. (2015) provided evidence that high lysine availability can reduce Pro content through the induction of the saccharopine pathway, which yields metabolites that may repress Pro synthesis. In this sense, enhancements in AK sensitivity to Lys feedback inhibition ( Figure 3 ; Table 4 ) may stimulate Pro accumulation ( Figure 6 ) through avoidance of high Lys production. A second hypothesis was originated from the discovery that pyrroline-5-carboxylate reductase -PC5R, which is the enzyme that catalyzes the final step of Pro synthesis, is stimulated by chloride anions at low concentrations (Ruszkowski et al., 2015) .
In this context, chloride from CdCl 2 (used in this study) and NaCl (Kiyota et al., 2015) could sustain and/ or stimulate Pro accumulation in grains. However, with the present data, the actual mechanism behind Pro overaccumulation in grains of maize plants under CdCl 2 exposure cannot still be clearly established. Nevertheless, an increased proline provision in grains may take part of a plant strategy to protect maize progeny in an environment potentially contaminated by Cd because Pro plays an important role in suitable plant development (Wang et al., 2014) and stress overcoming (Shinde et al., 2016) . This result is in line with previous reports related to Cd-induced transgenerational effects that can potentially influence progeny fitness, including changes in seed-derived nutrients and seed endophytic community (Truyens et al., 2016; Carvalho et al., 2018a) . Considering the data obtained for the enzymes, storage proteins and amino acids contents, future studies should use maize mutants such as those that accumulate Lys, for instance, opaque and floury mutants (Azevedo et al., 2003 (Azevedo et al., , 2006 Azevedo and Arruda, 2010) , or even quality protein maize (QPM) lines (Gaziola et al., 1999) to better understand the effects of Cd exposure on the nutritional quality of maize grains.
Conclusions
This is first report on Cd effects on amino acid profile, storage protein contents, and enzymes of Lys metabolism in grains of a cereal crop species. The current study showed that maize line CML-161 is capable of retaining Cd in roots probably as a strategy to protect shoots from Cd toxicity, especially an oxidative stress condition. However, this strategy is not enough to avoid changes in the specific activity and feedback inhibition properties of enzymes from the aspartate/lysine metabolism in immature maize grains, suggesting that Cd may interfere with amino acids metabolism in maize grains.
